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Abstract

  Recent studies have shown that chromosome 9p21 locus is frequently deleted in the early stages 

of urothelial carcinogenesis. To study the predictive value of the 9p21 aberrations in b-UC 

recurrence, dual-color fluorescence in situ hybridization (FISH) for 9p21 and chromosome 9 

centeromere was applied to the bladder washing cytology (BWC) samples that were obtained from 

the b-UC patients treated by transurethral resection (TUR). For the evaluation, the 9p21 index

(9p21-I) was defined as the ratio of the mean number of 9p21 signals per nucleus for that of the 

chromosome 9 centromere signals per nucleus in each of the BWC samples. The 9p21-I values of 

the BWC samples with no (G0) cytological atypia were significantly higher than those of the BWC 

samples with moderate (G2) (P< 0.01) and severe (G3) (P< 0.001) cytological atypia, but did not 

statistically differ from those of the BWC samples with mild (G1) cytological atypia. Recurrence 

free survival in the patients with a low 9p21-I value (< 0.9) was significantly poorer in comparison

to the patients with a high 9p21-I value (> 0.9). Furthermore, two patients of BWC G1 with a low 

9p21-I value recurred much sooner than the other patients of the BWC G1 category. These findings 

indicate that a decreased 9p21-I value is associated with b-UC recurrence and the 9p21-I may be 

useful as a marker to identify patients with elevated risk of b-UC recurrence.
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1. Introduction

  Urothelial carcinoma of the urinary bladder (b-UC) constitutes more than 80% of all bladder 

cancers [1]. In general, newly diagnosed superficial b-UCs consist of approximately 70% of 

noninvasive tumors and 30% of superficially invasive tumors. The patients with a noninvasive or 

minimally invasive b-UC show a favorable prognosis. Most of these patients are treated by 

transurethral resection (TUR), followed by periodic negative follow-up cystoscopy and bladder 

washing cytology (BWC) [2]. These tumors sometimes recur locally and grow superficially without 

marked muscular invasion, however, a small proportion of the tumors, approximately 5-10%, 

progresses to invasive cancer [3]. The indicators of an increased recurrence risk include high tumor 

stage and grade, multifocality, and the presence of carcinoma in situ [2, 3].

  Although cystoscopy is an effective method for the detection of b-UC, the method is essentially 

invasive and thus causes discomfort to the patients. Furthermore, early b-UC and carcinoma in situ

may be difficult to detect solely by cystoscopy. On the other hand, cytology is easy to perform and 

is also non-invasive for the patients. Although cytology reveals high specificity in the detection of 

b-UC, the sensitivity is not always satisfactory and it may be even poor in low-grade b-UC [4, 5]. 

One of the reasons for the unsatisfactory sensitivity can be explained by the fact that occasionally 

the bland-looking appearance of low-grade b-UC cells makes it difficult to distinguish them from 

the hyperplastic or the degenerated, non-neoplastic urothelial cells. Therefore, some ancillary 

techniques that can improve the diagnostic accuracy of cytology are believed to benefit the early 

detection of recurrent b-UC and the improved prognosis of the patients.

  Recent studies have shown that superficial papillary b-UCs and the invasive nodular ones are 

unique in the genetic pathway [6-8]. In superficial papillary b-UCs, the most common genetic 
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alterations are loss of heterozygosity (LOH), deletion of chromosome 9, and the activating-type 

mutations of the fibroblast growth factor receptor 3 (FGFR3) gene. However, invasive nodular 

b-UCs are characterized by the p53 tumor suppressor gene mutations and by chromosomal 

instability. Considering these genetic aberrations that are unique to b-UCs, it seems rational to 

apply some molecular method as a diagnostic aid of b-UC to cytology.

  UroVysionTM test has recently been developed [9] and used as an aid in cytology for urothelial 

cancer [10, 11]. The test examines numerical aberrations of chromosomes 3, 7, 17, and the 9p21 

locus by using a multicolor fluorescence in situ hybidization (FISH) technique. Because the b-UC 

cells have rather unique genetic alterations as described above, the UroVysionTM test is useful to 

distinguish the b-UC cells from the diagnostically problematic, non-neoplastic urothelial cells. In 

our recent study using surgically resected b-UC tissues, the UroVysionTM test revealed much more 

frequent numerical aberrations in the 9p21 locus in comparison to the other chromosomes [12], and 

a similar finding was also reported by others [10]. Furthermore, the 9p21 numerical aberration was 

observed not only in superficial papillary b-UCs, but laso in invasive nodular b-UCs. The high 

incidence of the 9p21 aberration in b-UCs prompted us to investigate the utility of 9p21 in 

differentiating the diagnostically problematic b-UC cells in BWC.

  In the present study, we devised the 9p21 index (9p21-I) to assess the relative extent of 9p21 

DNA copy number alterations in the bladder washing cytology (BWC) samples by using the 

dual-color FISH method. The aim of the present study was to investigate the significance of 9p21 

aberrations, especially 9p21 loss, in BWC samples as a marker to predict cancer recurrence in the 

patients with b-UC that were treated by TUR.
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2. Materials and methods

2.1. Materials

  The BWC samples were obtained from sixty-one patients at the time of negative follow-up 

cystoscopy in the Sanyo-Onoda Municipal Hospital, the Ube Industry Central Hospital, and the 

Yamaguchi University Hospital. All the patients had a past-history of b-UC and were initially 

treated by TUR. The histopathologic diagnoses and grading were reviewed based on the World 

Health Organization Classification, 2004 [1]. The stages of the primary b-UCs were classified 

according to the TNM Classification of Carcinomas of the Urinary Bladder [1]. With respect to the 

recurrence-free survival of the patients, a b-UC recurrence was considered present when a urinary 

bladder biopsy confirmed recurrent b-UC. The present study followed the ethical guidelines of the 

Institutional Review Board of Yamaguchi University Graduate School of Medicine.

2.2. Bladder washing cytology

  The bladder washings were obtained by instillation of 100 ml of 0.9% sodium chloride solution 

into the urinary bladder after a follow-up cystoscopy. An equal volume of 50% ethanol was 

immediately added to the samples to preserve the cells before the start of the cytological 

examination. The bladder washings were centrifuged at 1400 rpm for 10 minutes using a centrifuge 

(05PR-22, Hitachi, Tokyo, Japan) and the pellets were resuspended into 10 ml of supernatant and 

recentrifuged. The sediments were centrifuged with an autosmear centrifuge (CF-120, Sakura, 

Tokyo, Japan), and were spread over two or three silane-coated glass slides. The smear slides were 

immediately fixed with 95% ethanol and one of the prepared slides was stained by the standard 

Papanicolaou method.
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  The cytological estimation for the BWC slides was done according to the previously described 

set of criteria [13]: cytological grade 0 (G0) = no atypia, cytological grade 1 (G1) = mildly atypia 

(cannot rule out low-grade bladder cancer), cytological grade 2 (G2) = moderate atypia (suspicious 

of bladder cancer), and cytological grade 3 (G3) = severe atypia (diagnostic of high-grade bladder 

cancer or carcinoma in situ).

2.3. Dual-color fluorescence in situ hybridization

  The bladder washing smear slides were incubated with 0.05% pepsin at 37℃ for 10 minutes and 

washed twice with phosphate-buffered saline, pH 7.4, (PBS) at room temperature (RT) for 5 

minutes. The slides were then fixed in 1% formaldehyde solution for 3 minutes, washed twice in 

PBS at RT for 5 minutes, re-fixed in Carnoy's solution for 5 minutes, dehydrated in each 70%, 85% 

and 100% ethanol solution for 2 minutes, and air-dried. The slides were denatured in 70% 

formamide / 2x standard sodium citrate (2x SSC) at 73℃ for 5 minutes, dehydrated in a series of 

70%, 85% and 100% ethanol solutions for each 2 minutes and air-dried. The dual-color FISH probe 

mixture for the chromosome 9p21 locus and the chromosome 9 pericentromeric region (Figure 1a) 

(LSI-9p21 Spectrum-Orange / CEP-9 Spectrum-Green Probe, Abbott-Vysis, Downers Grove, IL, 

USA) was denatured for 5 minutes in a water bath at 73℃ and applied to the denatured sample 

slides. The slides were covered with cover glasses, sealed with rubber cement, and incubated at 

37℃ for 72 hours in a humidified chamber. Post-hybridization washes were made in 0.4x SSC / 

0.3% NP-40 for 2 minutes at 73℃ and 2x SSC / 0.1% NP-40 at room temperature for 2 minutes 

twice, followed by air-drying and counterstaining with a DAPI-II antifade solution (Vysis).
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2.4. Enumeration of fluorescence in situ hybridization signals

  The hybridized BWC slides were scored for FISH signals on each urothelial cell nucleus using a 

BX60 fluorescence microscope (Olympus, Tokyo, Japan). In the enumeration of FISH signals, 

overlapping cells and cells with indistinct and blurry signals were not scored. The numbers of the 

9p21 signals and the chromosome 9 centromere signals were separately counted in each urothelial 

cell nucleus and the mean signal numbers were calculated per 100 urothelial cells in each BWC 

slide. The 9p21 index (9p21-I) was defined as the ratio of the mean 9p21 signal number per nucleus 

(MN-9p21) for the mean chromosome 9 centromere signal number per nucleus (MN-CH9) in each 

BWC sample FISH slide.

2.5. Statistical analysis

  The one-way factorial analysis of variance and multiple comparisons (Turkey-Kramer test) were 

used to estimate the numerical difference in the MN-9p21, MN-CH9, and the 9p21-I values 

categorized by the BWC grades. The figures are described as mean ± standard deviation. The

recurrence-free survival was compared between the patients with high and low 9p21-I values using 

the Kaplan-Meier method and the log-rank test. A two-tailed P< 0.05 was considered significant.
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3. Results

3.1. Clinicopathologic findings, bladder washing cytology, and dual-color fluorescence in situ

hybridization

  The age of the patients ranged from 50 to 95 years (mean, 73.1 years) and the stages of the 

primary b-UCs were 33 pTa, 24 pT1, 2 pT2, and 2 tumors without any information regarding stage. 

The other clinicopathologic characteristics are summarized in Table 1. The 61 BWC specimens 

were classified into 16 samples of the G0 category, 22 of G1, 13 of G2, and 10 of the G3 category 

by the conventional cytological examination based on the Papanicolaou stain (Figures 1b, 1d, 1f 

and Table 1). In most of the FISH sample slides, a significant number of informative urothelial 

cells were observed with distinct fluorescence signals (Figures 1c, 1e, 1g). The percentages of the 

informative urothelial cells per total urothelial cells observed were 85% to 97% in the BWC G0 

category, 70% to 95% in the G1, 75% to 87% in the G2, and 71% to 85% in the BWC G3 category. 

Furthermore, it was not so dificult to differentiate the cancerous urothelial cells from the 

inflammatory and fibroblastic stromal cells even under the fluorescence microscopy as described 

previously [9].

3.2. 9p21 index, cytological grade and clinicopathologic features

  The 9p21-I values of all the BWC samples ranged from 0.759 to 1.021 (0.942 ± 0.058). The 

MN-9p21 of all the BWC samples ranged from 1.81 to 2.16 (2.00 ± 0.089). The MN-CH9 of all the 

BWC samples ranged from 1.98 to 2.50 (2.14 ± 0.161). The distributions of the 9p21-I, MN-9p21, 

and MN-CH9 values as classified by the BWC grade are demonstrated in Table 2 and Figures 2a, 

2b, 2c.
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  Statistically, the 9p21-I values of the BWC G0 samples were significantly higher in comparison 

to those of the BWC G2 (P < 0.01) and the BWC G3 (P < 0.001) samples (Figure 2a). The 9p21-I 

values of the BWC G1 samples were significantly higher in comparison to those of the BWC G2 (P

< 0.01) and the G3 (P < 0.01) samples. There were no significant differences in 9p21-I between the 

BWC G0 and the BWC G1 samples, thus indicating that these BWC G0 and G1 samples could be 

included in a category from the viewpoint of 9p21-I. Furthermore, there were no significant 

differences in 9p21-I between the BWC G2 (P < 0.01) and the G3 (P < 0.01) samples, indicating 

that the BWC G2 and the G3 samples could be included in a category from the viewpoint of 9p21-I. 

As for the MN-9p21 (Figure 2b) and the MN-CH9 (Figure 2c), there was no such a statistical 

significance as 9p21-I when the BWC samples were categorized by the cytological grade.

3.3. 9p21 index and recurrence

  The median follow-up period of the patients was 22.8 months (range, 2 months to 114 months). 

The patients of the BWC G3 category tended to have an elevated risk of recurrence in comparison 

to those of the other categories, but statistically insignificant. The recurrence-free survival of the 

patients with a low 9p21-I value (< 0.9) was significantly poorer in comparison to those with a high 

9p21-I value (> 0.9) (Figure 3).

  Two patients from the BWC G1 category that revealed significantly lower 9p21 index values, 

0.759 and 0.843, both of which were below the 5th percentile in the 9p21-I values of the BWC G1 

category, shortly developed BWC G3 and recurrent UC within 2 months after the completion of the 

present study (Figure 2a, small arrows).
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4. Discussion

  Recent studies have shown that the chromosome 9p21 locus is one of the most frequent genetic 

aberrations in b-UCs [14, 15]. It is well known that the 9p21 locus contains the INK4A and the 

ARF genes encoding the tumor suppressor proteins that suppress the G1-S transition of the cell 

cycle, p16 and p19, respectively [16]. Homozygous and hemizygous deletions of the INK4A gene 

are one of the most common alterations in b-UCs and occur early in the development of papillary 

b-UC as well as in b-UC in situ [16, 17].

  The INK4A gene product, p16, forms complexes with cyclin-dependent kinases (CDKs)-4 and -6, 

and inhibits phosphorylation of the pRB tumor suppressor protein, and therefore inactivates the 

E2F transcription factor that promotes the G1-S transition of the cell cycle (pRB pathway) [18]. 

Furthermore, the INK4B gene product p19 interacts with the MDM2 protein, suppresses 

MDM2-induced degeneration of the p53 protein, and as a result, promotes apoptosis and G1 arrest 

of the cell cycle (p53 pathway) [18]. Abnormalities in the pRB and p53 pathways have been shown 

to be prevalent in many human cancers. Because an autonomic cell proliferation is one of the most 

fundamental characteristics of cancer, frequent abnormalities in these pathways seem to explain an 

intimate association between the 9p21 alterations, especially 9p21 loss, and the elevated cell 

proliferation in a variety of human cancers including b-UC.

In BWC examinations, atypical-looking urothelial cells seem to be classified into two categories, 

i.e., degenerated or hyperplastic non-neoplastic urothelial cells and dysplastic or cancerous 

urothelial cells [19]. These cells may sometimes be difficult to differentiate from each other by 

conventional morphology-based examinations. Considering that 9p21 is frequently deleted even in 

the early stages of urothelial carcinogenesis [20] and that the non-neoplastic urothelial cells carry 
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rare or no chromosomal aberrations, especially in chromosome 9 [21], atypical urothelial cells with 

numerical aberrations of 9p21 locus are much more likely to be neoplastic. Taking this into 

consideration, we investigated the significance of the 9p21 aberration in the BWC samples to detect 

early recurrence of b-UC.

  However, for example, if an urothelial cell with simultaneous, two 9p21 signals and three or 

more chromosome 9 centromere signals are present, such a relative 9p21 loss cannot be recognized 

by a conventional single-color FISH examination for the 9p21 locus. Taking these situations into 

consideration, we have devised the 9p21-I to objectively assess the 9p21 imbalances. Because the 

9p21-I is defined as the ratio of the average number of 9p21 signals for that of chromosome 9 

centromere signals in each BWC sample FISH slide, the index is expected to estimate the 9p21 

alterations more quantitatively. Furthermore, the cytological grade of the b-UC samples 

demonstrated a statistically significant correlation with the 9p21-I, but not with the average number 

of 9p21 signals. These findings indicated the utility of the 9p21-I as a marker to differentiate 

precancerous (probably “dysplatic”) or cancerous urothelial cells from suspicious ones with 

so-called benign atypia.

  In the present study, the dual-color FISH examination detected a number of urothelial cells with 

9p21 loss even in the BWC G0 samples. Although a small proportion of the urothelial cells with a 

reduced 9p21 signal number might be those with artificially damaged 9p21 loci, most of these 

urothelial cells were rather considered to carry the true cytogenetical aberration, i.e., 9p21 deletion 

and to be at least potentially cancerous in character. Therefore, the 9p21 loss as estimated by a 

reduced 9p21-I value may be used as a marker to screen patients with elevated risk of b-UC 

recurrence. In the present study, recurrence free survival in the patients with a low 9p21-I value (< 
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0.9) was significantly poorer in comparison to the patients with a high 9p21-I value (> 0.9). 

Furthermore, two patients of BWC G1 with a low 9p21-I value recurred much sooner than the other 

patients of the BWC G1 category. These findings are thought to support our idea that a decreased 

9p21-I value is associated with b-UC recurrence.

  It is difficult to fully explain the urothelial carcinogenesis in the present FISH analysis. In many 

human cancers, INK4A and ARF are inactivated mainly by allelic deletions [20, 22], silencing 

mutations [20, 23], and/or promoter 5'-CpG island methylation [24]. Because silencing or 

loss-of-function mutations of INK4A and ARF genes are relatively rare in b-UCs [16, 17, 20], 

allelic deletion and promoter CpG methylation may be major silencers for these genes. Therefore, 

the analysis regarding the INK4A and ARF promoter methylation [25] in combination with the 

9p21 deletion may be more useful for detecting recurrent b-UC using BWC samples.

  In conclusion, we have devised the 9p21-I to quantitatively assess the extent of 9p21 deletion by 

the dual-color FISH method for BWC samples. A reduced 9p21-I value is significantly associated 

with the elevated risk of b-UC recurrence. The 9p21-I may thus be useful as a tool to screen 

post-TUR patients with elevated risk of b-UC recurrence.
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Figure Legends

Figure 1 (a) Chromosome 9 ideogram. The 9p21 and chromosome 9 centromere regions are 

indicated as red and green bold lines, which are recognized by SpectrumRed-labeled 

and SpectrumGreen-labeled fluorescence in situ hybridization (FISH) probes, 

respectively. (b, d, f) Representative urothelial cells in bladder washing cytology 

(BWC). The urothelial cells that are observed in the BWC specimens and are classified 

as grade 0 (b), 1 (d), and 3 (f) (x 325, modified Papanicolaou stain). (c, e, g) 

Representative urothelial cells in dual-color fluorescence in situ hybridization (FISH) 

with 9p21 locus-specific and chromosome 9 centromere probes. The FISH figures c, e, 

and g correspond to the BWC samples b, d, and f, respectively. The red signal indicates 

a 9p21 region and the green signal represents a chromosome 9 centromere region. In a 

BWC grade 0 sample, two 9p21 signals and two chromosome 9 centromere signals are 

observed in the nucleus (c, original magnification x 400). In a BWC grade 1 sample, one 

9p21 signal and two chromosome 9 centromere signals are observed in each nucleus (e, 

original magnification x 375). In a BWC grade 3 sample, two 9p21 signals and two to 

five chromosome 9 centromere signals are observed in the nuclei (g, original 

magnification x 375).

Figure 2 (a, b, c) Correlations of cytological grade in bladder washing cytology (BWC) with 

9p21 index (9p21-I)(a), mean number of 9p21 locus per nucleus (MN-9p21) (b), and 

mean number of chromosome 9 centromere per nucleus (MN-CH9) (c). (a) The 9p21-I

was defined as the ratio of the MN-9p21 for the MN-CH9 in each of the BWC samples.
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Upper figures demonstrate statistical probability in the differences of the 9p21-I among 

the BWC samples categorized by the cytological grade. Small arrows indicate two 

patients that developed recurrent urothelial carcinoma sooner than the other patients 

within the BWC G1 category. A boxplot analysis reveals that both are outliers of the 

9p21-I in the BWC G1 category. (b, c). A statistical difference is not evident in the 

MN-9p21 (b) and the MN-CH9 (c) when the BWC samples were categorized by the 

cytological grade.

Figure 3 Recurrence-free survival curves stratified for low and high 9p21 index in FISH for 

bladder washing cytology samples. A low 9p21-I value (< 0.9) is significantly 

associated with poor recurrence-free survival (P< 0.05).
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